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Introduction: Accurate assessment of prognosis for patients with unresponsive wakefulness syndrome (UWS; formerly
vegetative state) may help clinicians and families guide the type and intensity of therapy; however, there is no suitable
and accurate means to predict the outcome so far. We aimed to develop a simple bedside scoring system to predict
the likelihood of awareness recovery in patients with UWS.
Methods: We prospectively enrolled 56 patients (age range 10 to 73 years) with UWS 3 to 12 weeks post-onset. We
collected demographic data and performed neurological, serological and neurophysiological tests at study entry. Each
patient received a one year follow-up, during which awareness recovery was assessed by experienced physicians on
the basis of clinical criteria. Univariate and multivariable analyses were employed to assess the relationships between
predictors and awareness recovery.
Results: A total of 56 participants were included in the study; of these, 24 patients recovered awareness, 3 with
moderate disabilities, 8 with severe disabilities, 12 were in a minimally conscious state, and 1 died after recovery. During
the study, 23 patients remained in UWS and 9 died in UWS. Motor response, type of brain injury, electroencephalogram
reactivity, sleep spindles and N20 were shown to be independent predictors for awareness recovery. Based on
their coefficients in the model, we assigned these predictors with 1 point each and created a 5-point score for
prediction of awareness recovery. The resulting score showed good predictive accuracy in the derivation cohort.
The area under the receiver operating characteristic curve for the score was 0.918 with 87.50% sensitivity.
Conclusion: This simple bedside prognostic score can be used to predict the probability of awareness recovery
in UWS, thus provide families and clinicians with useful outcome information.Introduction
Advances in intensive care have led to an increase in the
number of patients who survive severe brain injury [1,2].
Although some of these patients recover from coma
within the first few days after the insult, many do not, and
some evolve to an unresponsive wakefulness syndrome
(UWS; previously called vegetative state) [3], which often
results in catastrophic familial, economic and social
consequences. Thus, accurate outcome prediction of
UWS is of paramount significance both for clinicians
and families, and may have a major influence on decision
making concerning the level of care or services provided* Correspondence: jiangwen@fmmu.edu.cn
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reproduction in any medium, provided the or[4-6]. However, at present, most prognostic studies have
begun in the acute phase of brain injury when the patient
is still in coma and the diagnosis of UWS is not yet
defined [7-11]. This provides little guidance to clinicians
who see patients who have evolved from coma into UWS,
and who wish to assess the likelihood of further progress.
Recently, two studies by Estraneo et al. directly addressed
this issue and they reported that some parameters at the
chronic stage, such as pupillary light reflex and N20, could
provide useful clues to the outcome prediction for UWS
[12,13]. Nevertheless, no item had a very high predictive
specificity [12]. Moreover, up to now, no prognostic model
has yet been constructed to predict the probability of
awareness recovery in UWS by integrating, quantifying
and standardizing multiple predictors.
Accordingly, we performed a clinical prospective study
serving two proposes. First, we aimed to identify prognosticd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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who were in UWS during three to twelve weeks post
onset. Second, based on identified predictors, we sought
to construct a simple bedside score to achieve more
reliable outcome prediction for UWS.
Material and Methods
Patients
We conducted a prospective longitudinal non-interven-
tional study. From January 2008 to December 2011, we
prospectively enrolled all consecutive patients who were
admitted to the department of neurology in Xijing hospital,
Fourth Military Medical University, one of the largest
hospitals in Northwestern China, for the diagnosis of
UWS and evaluation of brain function. Patients were
eligible for this study if they met standard clinical diagnostic
criteria of UWS [14,15], with the time post-injury longer
than three weeks but less than three months. Exclusion
criteria were: (1) premorbid history of developmental,
psychiatric or neurologic illness resulting in documented
functional disabilities up to time of the injury; and (2)
severe coexisting systemic disease with a limited life
expectancy. The present study was carried out in agree-
ment with Chinese laws and the Helsinki declaration
relative to patients’ rights, and was approved by the
ethics committee of Xijing hospital. Informed consent
was waived, because the study’s design did not involve
changes of the usual medical practices.
Procedures
During the first week after admission, all patients were
assessed with the Coma Recovery Scale-Revised (CRS-R)
once daily to confirm the diagnosis of UWS. Fifty-six
inpatients (41 male and 15 female) fulfilled inclusion
and exclusion criteria. Then we systematically collected
clinical data, measured serum neuron specific enolase
(NSE) level, and performed bedside neurophysiological
tests. Once the patients passed the examination and
evaluation procedures, they were transferred to some
secondary hospitals, where they only received the basic
care and medical demands. Some patients occasionally
received a short-term acupuncture treatment. During
the secondary hospital stay, they were assessed at least
once a week by experienced physicians, who had been
specifically prompted to search for signs of awareness.
All patients were followed up for at least one year after
study entry. The study protocol contained no guidelines
for withholding or withdrawing treatment.
Definition of the predictor variables
Based on the results of previous studies, we chose 11
predictor variables possibly associated with recovery
from UWS in this study. Four variables concerned themain patient characteristics: 1) age; 2) sex; 3) time from
injury to study entry; 4) types of brain injury, coded as
traumatic or nontraumatic. Three variables were extracted
from clinical examination: 1) papillary light reflexes, coded
as present at least unilateral response or bilateral absent;
2) corneal reflexes, coded as present at least unilateral
response or bilateral absent; 3) motor responses to painful
stimulation, coded as flexion withdrawal of at least one
limb, or absent/extensor motor responses.
One serum biomarker (that is, NSE) was measured after
study entry. To avoid hemolysis and false-positive test re-
sults, samples for NSE measurement were manually han-
dled and transported to a central laboratory. For accurate
determination of NSE levels, an automated immunofluores-
cent assay (Thermo Scientific Brahms NSE Kryptor® Im-
munoassay Waltham, Massachusetts, USA) was used.
Serum NSE cutoff value was defined as 33 ng/mL [7].
Within one week after study entry, each patient
received a standard video- electroencephalogram (EEG,
Beijing Sun Electronic Technology Co., Ltd., Beijing,
China) and somatosensory evoked potential (SEP,
XLTEK NEUROMAX 1004, Canada Oakville, Ontario)
tests. The video-EEG was performed with 20 scalp elec-
trodes arranged in accordance with the international
10–20 system and was continuously recorded for at least
24 hours to detect sleep spindle, a kind of waveform dis-
tinct from the background with a frequency between 12
and 16 Hz, duration between 0.5 and 2 seconds and oc-
curring in the context of EEG activity [16]. EEG reactiv-
ity, defined as a change in the frequency or amplitude of
the background activity with a precise time-locked cor-
relation to the noxious stimulation [17], was tested by
applying pressure to the nail bed of each hand and to
the supraorbital nerve above the medial third of the eye-
brow. The cortical N20 wave of median nerve SEPs were
recorded using standard procedures. We applied four
channels: Fpz- C’4/C’3, right Erb's point/left Erb’s point-
C’4/C’3, Fpz- Cv and Fpz- right Erb's point/left Erb’s
point. SEPs were recorded after median nerve electrical
stimulation of the right and left hand. Square-wave
pulses with a duration of 0.2 msec at a repetition rate of
three pulses per second were used as stimuli to the me-
dian nerve at the wrist. Stimulus intensity was 25 to
30 mA. Three neurophysiological variables were consid-
ered: 1) EEG reactivity, classified as present when the
EEG responded to any one of those stimuli, or absent; 2)
sleep spindles, classified as present when typically and
easily recognizable 12 to 14 c/second activity appeared,
or absent; 3) N20, classified as present when cortical
N20 response was recorded on at least one side after
left- and right-side median nerve stimulation, or absent.
All EEGs and SEPs were independently evaluated by two
experienced neuroelectrophysiological specialists (B Jiang
and Y Xu) with no knowledge of the clinical data.
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The neurological outcome at the study endpoint was
assessed by a skilled hospital staff from our research
group on at least two different occasions using the five
categories of the Glasgow Outcome Scale (GOS) (1, death;
2, permanent vegetative state; 3, severe disability; 4,
moderate disability; 5, good recovery) plus an additional
category for patients in a minimally conscious state
(MCS) [18,19]. For the purpose of statistical analysis,
we defined score 1 and 2 of GOS as no recovery of
awareness, and score 3, 4, 5 and MCS as recovery of
awareness. Those patients who recovered awareness
and then died because of new etiologic events were
considered as ‘recovery of awareness’, and the patients
who died without recovering awareness were classified
as ‘no recovery of awareness’.
Statistical analyses
First, we performed univariate comparisons for outcome
with Fisher exact tests for categorical variables, and t-tests
for continuous variables, as needed. Second, a stepwise
multivariate logistic regression was used to identify inde-
pendent outcome predictors among those found to have a
P <0.05 on univariate analysis. Third, we created a scoring
system for outcome prediction in UWS by assigning points
to each risk factor by dividing each β-coefficient in the
model by the lowest β-coefficient and rounding to the
nearest integer. A predictive score was determined for each
subject by adding the points of each factor, with higher
scores corresponding to a higher likelihood of recovery in
UWS. Last, the performance of the predictive score was
evaluated by the receiver operating characteristic curve
(ROC) analysis. An area under the ROC curve >0.75 is
considered consistent with a good discrimination ability.
The best cutoff value of the score that predicts the primary
end point was determined from the ROC curve.
Results
A total of 56 UWS patients were enrolled in the study,
including 23 patients with traumatic brain injury, 14
patients with cardiac arrest, 10 with carbon monoxide
poisoning, 4 with stroke, 3 with apnea, and 2 with drown-
ing. The study cohort was 10- to 73-years old and 73.2%
were male. At the endpoint, the outcomes of the 56
patients were as follows: 3 moderate disabilities (5.4%),
8 severe disabilities (14.3%), 12 MCS (21.4%), 23 UWS
(41.1%) and 10 deaths (17.9%). One patient recovered
awareness but then died because of infectious disease
four months post onset; and he was included in the
conscious group. Nine patients had died without recov-
ering consciousness during the study period. The causes
of death were infectious diseases in four cases, status
epilepticus in one case, cerebral hemorrhage in one
case and unknown in the four others.Demographic, clinical, and neurophysiologicalal variables
collected in all patients at study entry are shown in Table 1.
Univariate analysis indicated that motor response, type of
brain injury (BI), EEG reactivity, sleep spindles and N20
differed significantly between patients who recovered
and those who did not recover. As shown in Table 2, the
five above-mentioned variables had a high specificity
for recovery of awareness, but among them only sleep
spindles showed a high (70.8%) sensitivity. Although
motor response showed the highest specificity (83.3%),
its sensitivity was quite low. In general, no item had
both a very high sensitivity and specificity.
Next, the five variables were entered into a logistic
regression model with recovery of awareness as the out-
come. The result showed that all of them were significant
independent predictors for recovery of awareness. The
coefficients for each predictor are detailed in Table 3.
By assigning integer weights to each variable category
based on the relative magnitude of the coefficient in the
multivariable model, we created a score, which we named
TMSEN (type of BI - motor response - sleep spindles -
EEG reactivity - N20), to predict the chance of recovery of
awareness within one year after study entry. Table 4 shows
the allocation of scoring points based on the regression
coefficients. These variables were assigned one point each.
The prediction score ranged from 0 to 5 and its distribu-
tion is shown in Figure 1. The ROC curve for the
weighted score showed good discriminant power with an
area under curve (AUC) of 0.918 (95% CI, 0.848 to 0.987;
Figure 2). The cut-off score with the maximum sum of
sensitivity and specificity was a score ≥3. Using the cut-
off value, the score had sensitivity of 87.50% with positive
predictive value (PPV) of 80.77% and specificity of 84.38%
with a negative predictive value (NPV) of 90.0% for pre-
dicting awareness recovery (Table 5). The performance of
the score was better than any single predictor (Table 2).
The new prognostic score provided a desired predict-
ive accuracy. Twenty-one of 24 (87.50%) patients who
recovered within one year had a score of 3 or more (sen-
sitivity) and 27 of 32 (84.38%) patients who did not re-
cover within this interval had a score of 0 to 2
(specificity). Taking into account the prevalence of re-
covery within one year in this population, a score of 3 or
more translates into an 80.77% probability of recovery
within one year (PPV) whereas a score of 0 to 2 trans-
lates into a 90.00% NPV. Figure 3 shows prediction esti-
mates based on the point scoring system and the
probability of recovery of awareness within one year in-
creases as the score rises.
Discussion
This study was undertaken to develop a clinically useful
score to predict recovery of awareness for patients with
UWS. To maximize clinical use, this prediction score was
Table 1 Demographic, clinical, and instrumental features at study entry
Variable Awareness (number = 24) Unawareness (number = 32) Total (number = 56) t/ χ2 P
Age, years, mean ± SD 41.17 ± 15.9 39.66 ± 15.8 40.30 ± 15.6 0.353 0.726
Female/male 6/18 9/23 15/41 0.069 0.793
Time post onset, weeks, mean ± SD 6.08 ± 2.5 5.97 ± 2.0 6.02 ± 2.2 0.192 0.849
Type of BI, trauma/nontrauma 15/9 8/24 23/33 8.093 0.004
NSE (μg/L), <33/≥33 19/5 18/14 37/19 3.319 0.068
Pupillary light reflex, yes/no 23/1 31/1 54/2 0.043 0.836
Corneal reflex, yes/no 23/1 29/3 52/4 0.594 0.441
Motor response, flexor/extensor or absent 21/3 17/15 39/17 8.008 0.005
EEG reactivity, present/absent 16/8 8/24 26/30 9.944 0.002
Sleep spindles, present/absent 17/7 7/25 24/32 13.891 0.0002
N20, present/absent 15/9 8/24 23/33 8.0935 0.004
BI, brain injury; NSE, neuron specific enolase; EEG, electroencephalogram.
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operated measured factors. The results showed that motor
response, type of BI, EEG reactivity, sleep spindles and
N20 were significant independent predictors for recovery
of awareness at one year after study entry. Based on these
predictors and their regression coefficients in the model,
we created a simple bedside five-point score, TMSEN, to
predict the probability of recovery in UWS. The TMSEN
score showed good predictive accuracy in the derivation
cohort and was able to discriminate among patients who
recovered awareness within one year after study entry and
those who did not.
This score about prognostic information of UWS may
be of value for patients and the health care system. First,
widespread media attention to UWS care has increased
public awareness of the importance of these issues.
Second, efforts to control rising health care costs have
provided hospitals, managed care organizations and
payers increasing incentives to allocate expenditures
more efficiently for patients likely to be close to the
end of life. In this study, we first employed statistical
methods to derive a predictive assessment tool to identify,
quantify and characterize the recovery of patients with
UWS. Thus, this study should be seen as an important
step toward the study prognosis in patients with UWS.Table 2 Performance of the variables for recovery of awarene
Variable Reference Sensitivity Specif
Ratio % 95% CI Ratio %
Type of BI Trauma 15/23 65.2 42.8 to 82.8 24/33 72.7
Motor response Flexor 21/38 55.3 38.5 to 71.0 15/18 83.3
EEG reactivity Present 16/24 66.7 44.7 to 83.6 24/32 75.0
Sleep spindles Present 17/24 70.8 48.8 to 86.6 25/32 78.1
N20 Present 15/23 65.2 42.8 to 82.8 24/33 72.7
BI, brain injury; CI, confidence interval; EEG, electroencephalogram; NPV, negative pPrevious studies have shown that the variables including
motor response to pain, EEG reactivity, sleep spindles
and N20 are important predictors for the outcome of
comatose patients with severe brain injury when measured
in the acute phase [8,20-29]. Our study further confirmed
that these variables, even if measured in the late phase
when patients have evolved into UWS, can predict the
outcome. Likewise, we found that the outcome in post-
traumatic UWS is better than in nontraumatic UWS as
in previous studies [13,30]. Given that the immature
brain is generally more plastic than the mature brain
and that the brains of children are better able to adapt
and recover from injury than the brains of adults [31],
we chose age as a predictor variable. Nevertheless, we
did not find a significant relationship between age and
outcome in our sample, which seems to conflict with the
findings reported by Luauté et al. [18]. This could be
explained by the fact that there is no direct relationship
between age and the severity of clinical conditions, and
the latter has an important influence on patients’ recovery.
However, a further larger sample study and stratification
analysis are needed to clarify this point.
In agreement with the previous study [18], we did not
find a significant relationship between recovery and brain-
stem reflexes (pupillary light reflex and corneal reflex). Itss
icity PPV NPV
95% CI Ratio % 95% CI Ratio % 95% CI
54.2 to 86.1 15/24 62.5 40.8 to 80.4 24/32 75.0 56.2 to 87.9
57.7 to 95.6 21/24 87.5 66.5 to 96.7 15/32 46.9 29.5 to 45.0
56.2 to 87.9 16/24 66.7 44.7 to 83.6 24/32 75.0 56.2 to 87.9
59.6 to 90.1 17/24 70.8 48.8 to 86.6 25/32 78.1 59.6 to 90.1
54.2 to 86.1 15/24 62.5 40.8 to 80.4 24/32 75.0 52.2 to 87.9
redictive value; PPV, positive predictive value.
Table 3 Multivariate logistic regression analysis of factors associated with recovery within one year after study entry
Variable Coefficient Odds ratio (95% CI) P Weighted integer coefficient
Type of BI 2.301 9.989(1.351 to 73.839) 0.024 1
Motor response 2.672 14.464(1.355 to 154.367) 0.027 1
EEG reactivity 3.075 21.648(2.212 to 211.870) 0.008 1
Sleep spindles 2.405 11.083(1.795 to 68.441) 0.010 1
N20 2.857 17.404(1.976 to 153.267) 0.010 1
BI, brain injury; CI, confidence interval; EEG, electroencephalogram.
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[32]. We also failed to identify NSE as an independent
predictor. NSE is found almost exclusively in neurons
and cells of neuroendocrine origin, which is measurable
in blood and cerebrospinal fluid. Previous studies have
demonstrated that serum NSE levels often reflect the
extent of brain injury, and that increased serum NSE
within the first three days after cardiac arrest is associated
with poor outcome [33-35]. However, serum NSE levels
after brain injury displayed a gradual decline over time
[36], which indicates that NSE collected from patients in
the late phase of brain injury cannot be used as a prognos-
tic factor to predict the outcome of patients with UWS.
Given that the patients in MCS show inconstant but
reproducible signs of awareness and generally more
favorable outcome than those in UWS [18], we classified
them into the recovery group in this study. In total,
recovery of awareness was detected in 24/56 patients
at the study endpoint, albeit most of them with poor
functional outcome. Actually, it is a difficult task to detect
awareness in patients who seem to be in UWS, especially
to distinguish MCS from UWS. It is well known that
consciousness is not an all-or-nothing phenomenon
and its clinical assessment relies on inferences made
from responses to external stimuli that are observed at
the time of the examination [37], which often results inTable 4 Point allocation for TMSEN score based on
regression coefficients from the prediction model
Relative factor Catagories Points
Type of BI Trauma 1
Nontrauma 0
Motor response Flexor 1
Extensor or absent 0
EEG reactivity Present 1
Absent 0





BI, brain injury; EEG, electroencephalogram.an alarmingly high rate of misdiagnosis of UWS [38,39].
Accordingly, careful and repeated behavioral assessment
is particularly important given that the patients often
failed to show any signs of non-reflexive behavior on some
occasions but they showed reproducible, but inconsistent,
response to some commands (that is, ‘move your leg’) on
other occasions. Moreover, there is a small proportion of
patients who meet all the behavioral criteria for UWS,
but still retain a level of covert awareness that can only
be detected by functional magnetic resonance imaging
(fMRI) or EEG technology [40,41]. Cruse et al. used four
to five assessments with CRS-R to establish the diagnosis
at the study entry [41]. However, it is difficult to assess
the patients with optimal frequency at the endpoint of
follow-up study. In this study, all patients were assessed
with the CRS-R once a day in the first week after
admission. At study endpoint, we found 23 patients still
in UWS based on behavioral assessment on at least two
different occasions. However, due to a perhaps suboptimal
frequency of behavioral assessment, as well as methodo-
logical limitations, the possibility of misdiagnosis of MCS
as UWS may exist.
Our study possesses several strengths. First, the five-point
score is simple and can be easily memorized, including onlyFigure 1 Distribution of scores for development cohort.
Figure 2 ROC curve based on the TMSEN score for predicting
the recovery of UWS. ROC, receiver operating curve; UWS,
unresponsive wakefulness syndrome.
Figure 3 Points and their corresponding predicted estimates of
the recovery of UWS based on the TMSEN score. UWS,
unresponsive wakefulness syndrome.
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sleep spindles, EEG reactivity and N20. Second, the score
incorporating multiple independent risk factors was highly
successful in predicting the probability of recovering of
awareness in UWS. The score predicts the recovery of
awareness in UWS with a sensitivity of 87.50% and a
specificity of 84.38%. It is statistically superior in per-
formance to the models using a single variable whether
clinical or neurophysiological. Lastly, our study used
simple, bedside and non-invasive measured factors for
the development of the prediction score. Therefore, we
provide an easy tool for clinical practice.
In addition, the present study has some limitations that
need to be mentioned. First, the score was developed just
at a single site in a university hospital setting, and the
development sample was relatively small. Thus, it may not
generalize to other settings or populations. Prospective
validation in different settings and with other patient
populations is needed. Second, the predictors included
in this study are not exhaustive, and we omitted several
known and suggested variables such as fMRI [40,42,43]
and positron emission tomography (PET) [44,45]. Given
the issues of expense and accessibility, we were unable to
include these variables in the analysis. However, future




Positive predictive value 80.77
Negative predictive value 90.00predictors. Third, the level and intensity of the care and
rehabilitation program for UWS in different secondary
hospitals may be not uniform, which could affect the
outcome of patients to some extent. Lastly, it would be
optimal to validate this score in a large external obser-
vational cohort. However, most of the studies of UWS
are small, retrospective in nature, and assess relatively
few predictors. We failed to identify a published data
set with sufficient UWS cases, which assessed all the
predictor variables identified in this model.
Conclusions
We developed a simple bedside prognostic score (TMSEN)
consisting of five items: type of BI, motor response, sleep
spindles, EEG reactivity and N20, which will provide
families and clinicians with useful outcome information.
However, it should be recognized that the score simply
predicts the probability of recovery, with no judgment
being made as to whether the patients continue to receive
intensive treatment or not.
Key messages
 The results of this single-center study show that
type of BI, motor response, sleep spindles, EEG
reactivity and N20 are independent predictors for
awareness recovery in UWS.
 The score incorporating the five above-mentioned
independent factors was highly successful in predicting
the probability of awareness recovery in UWS. It is
statistically superior in performance to any single
variable whether clinical or neurophysiological.
 Our study used bedside, non-invasive and
easily-operated measured factors for the development
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assessment tool for the outcome prediction in UWS.
 The prognostic score will provide families and
clinicians with useful outcome information, but no
judgment could be made on the basis of the score as
to whether the patients continue to receive intensive
treatment or not.
 Additional larger prospective studies are needed to
confirm whether the simple bedside prognostic
score may be a helpful tool for clinical practice.
Abbreviations
AUC: area under the curve; BI: brain injury; CI: confidence interval; CRS-R: Coma
Recovery Scale-revised; EEG: electroencephalogram; fMRI: functional magnetic
resonance imaging; GOS: Glasgow Outcome Scale; MCS: minimally conscious
state; NPV: negative predictive value; NSE: neuron-specific enolase; PPV: positive
predictive value; ROC: receiver operating characteristic curve; SEPs: somatosensory
evoked potentials; UWS: unresponsive wakefulness syndrome.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
Study conception and design: XGK, LL, YYS, GZ, LZX and WJ. Data acquisition and
interpretation: XGK, LL, DW, XXX, RZ, YYJ and WJ. Drafting of the manuscript: XGK,
LL and WJ. Critical revision of the manuscript for important intellectual content: All
authors. All authors read and approved the final manuscript.
Acknowledgments
Funding sources: This work is supported by the Xijing Hospital Research
Foundation (grant number XKZT09Z07, to W Jiang) and the Program for
Changjiang Scholars and Innovative Research Team in University from the
Ministry of Education of China (IRT1053).
Author details
1Department of Neurology, Xijing Hospital, Fourth Military Medical University,
Xi’an 710032, China. 2Division of Neurocritical Care, Xuanwu Hospital, Capital
Medical University, Beijing 100053, China. 3Department of Anaesthesia, Xijing
Hospital, Fourth Military Medical University, Xi’an 710032, China.
Received: 11 September 2013 Accepted: 20 February 2014
Published: 26 February 2014
References
1. Beaumont J, Kenealy P: Incidence and prevalence of the vegetative and
minimally conscious states. Neuropsychol Rehabil 2005, 15:184–189.
2. Hirschberg R, Giacino J: The vegetative and minimally conscious states:
diagnosis, prognosis and treatment. Neurol Clin 2011, 29:773–786.
3. Laureys S, Celesia GG, Cohadon F, Lavrijsen J, Leon-Carrion J, Sannita WG,
Sazbon L, Schmutzhard E, von Wild KR, Zeman A, Dolce G: Unresponsive
wakefulness syndrome: a new name for the vegetative state or apallic
syndrome. BMC Med 2010, 8:68.
4. Racine E, Rodrigue C, Bernat J, Riopelle R, Shemie S: Observations on the
ethical and social aspects of disorders of consciousness. Can J Neurol Sci
2010, 37:758–768.
5. Kampfl A, Schmutzhard E, Franz G, Pfausler B, Haring HP, Ulmer H, Felber S,
Golaszewski S, Aichner F: Prediction of recovery from post-traumatic
vegetative state with cerebral magnetic-resonance imaging. Lancet 1998,
351:1763–1767.
6. Rovlias A, Kotsou S: Classification and regression tree for prediction of
outcome after severe head injury using simple clinical and laboratory
variables. J Neurotrauma 2004, 21:886–893.
7. Fugate JE, Wijdicks EF, Mandrekar J, Claassen DO, Manno EM, White RD,
Bell MR, Rabinstein AA: Predictors of neurologic outcome in hypothermia
after cardiac arrest. Ann Neurol 2010, 68:907–914.
8. Logi F, Pasqualetti P, Tomaiuolo F: Predict recovery of consciousness in
post-acute severe brain injury: the role of EEG reactivity. Brain Inj 2011,
25:972–979.9. Robinson L, Micklesen P, Tirschwell D, Lew H: Predictive value of
somatosensory evoked potentials for awakening from coma. Crit Care
Med 2003, 31:960–967.
10. Oddo M, Rossetti AO: Predicting neurological outcome after cardiac
arrest. Curr Opin Crit Care 2011, 17:254–259.
11. Rossetti AO, Oddo M, Logroscino G, Kaplan PW: Prognostication after cardiac
arrest and hypothermia: a prospective study. Ann Neurol 2010, 67:301–307.
12. Estraneo A, Moretta P, Loreto V, Lanzillo B, Cozzolino A, Saltalamacchia A,
Lullo F, Santoro L, Trojano L: Predictors of recovery of responsiveness in
prolonged anoxic vegetative state. Neurology 2013, 80:1–7.
13. Estraneo A, Moretta P, Loreto V, Lanzillo B, Santoro L, Trojano L: Late
recovery after traumatic, anoxic, or hemorrhagic long-lasting vegetative
state. Neurology 2010, 75:239–245.
14. Medical aspects of the persistent vegetative state (1). The Multi-Society
Task Force on PVS. N Engl J Med 1994, 330:1499–1508.
15. Bernat JL: Chronic disorders of consciousness. Lancet 2006, 367:1181–1192.
16. Andrillon T, Nir Y, Staba R, Ferrarelli F, Cirelli C, Tononi G, Fried I: Sleep
spindles in humans: insights from intracranial EEG and unit recordings.
J Neurosci 2011, 31:17821–17834.
17. Young G: The EEG in coma. J Clin Neurophysiol 2000, 17:473–485.
18. Luauté J, Maucort-Boulch D, Tell L, Quelard F, Sarraf T, Iwaz J, Boisson D,
Fischer C: Long-term outcomes of chronic minimally conscious and
vegetative states. Neurology 2010, 75:246–252.
19. Giacino JT, Ashwal S, Childs N, Cranford R, Jennett B, Katz DI, Kelly JP,
Rosenberg JH, Whyte J, Zafonte RD, Zasler ND: The minimally conscious
state: definition and diagnostic criteria. Neurology 2002, 58:349–353.
20. Courjon J, Naquet R, Baurand C, Chamant J, Choux M, Gerin P, Lang M,
Revol M, Vigouroux R: Diagnostic and prognostic value of the EEG in the
immediate aftermath of cranial trauma. Rev Electroencephalogr
Neurophysiol Clin 1971, 1:133–150.
21. Thenayan E, Savard M, Sharpe M, Norton L, Young B:
Electroencephalogram for prognosis after cardiac arrest. J Crit Care 2010,
25:300–304.
22. Rabinstein AA, Yee AH, Mandrekar J, Fugate JE, Groot YJ, Kompanje EJ,
Shutter LA, Freeman WD, Rubin MA, Wijdicks EF: Prediction of potential for
organ donation after cardiac death in patients in neurocritical state: a
prospective observational study. Lancet Neurol 2012, 11:414–419.
23. Hulihan JJ, Syna D: Electroencephalographic sleep patterns in post-anoxic
stupor and coma. Neurology 1994, 44:758–760.
24. Urakami Y: Relationship between, sleep spindles and clinical recovery in
patients with traumatic brain injury: a simultaneous EEG and MEG study.
Clin EEG Neurosci 2012, 43:39–47.
25. Leithner C, Ploner C, Hasper D, Storm C: Does hypothermia influence the
predictive value of bilateral absent N20 after cardiac arrest? Neurology
2010, 74:965–969.
26. Chen R, Bolton CF, Young B: Prediction of outcome in patients with anoxic
coma: a clinical and electrophysiologic study. Crit Care Med 1996, 24:672–678.
27. Amantini A, Grippo A, Fossi S, Cesaretti C, Piccioli A, Peris A, Ragazzoni A,
Pinto F: Prediction of ‘awakening’ and outcome in prolonged acute
coma from severe traumatic brain injury: evidence for validity of short
latency SEPs. Clin Neurophysiol 2005, 116:229–235.
28. Kaplan PW: Electrophysiological prognostication and brain injury from
cardiac arrest. Semin Neurol 2006, 26:403–412.
29. Lee YC, Phan TG, Jolley DJ, Castley HC, Ingram DA, Reutens DC: Accuracy of
clinical signs, SEP, and EEG in predicting outcome of hypoxic coma: a
meta-analysis. Neurology 2010, 74:572–580.
30. Katz DI, Polyak M, Coughlan D, Nichols M, Roche A: Natural history of
recovery from brain injury after prolonged disorders of consciousness:
outcome of patients admitted to inpatient rehabilitation with 1–4 year
follow-up. Prog Brain Res 2009, 177:73–88.
31. Johnston MV, Ishida A, Ishida WN, Matsushita HB, Nishimura A, Tsuji M:
Plasticity and injury in the developing brain. Brain Dev 2009, 31:1–10.
32. Machado C, Estevez M, Redriguez R, Perez-Nellar J, Silva S, Loubinoux I,
Chollet F: Wakefulness and loss of awareness: brain and brainstem
interaction in the vegetative state. Neurology 2010, 75:751–752.
33. Cronberg T, Rundgren M, Westhall E, Englund E, Siemund R, Rosén I, Widner H,
Friberg H: Neuron-specific enolase correlates with other prognostic markers
after cardiac arrest. Neurology 2011, 77:623–630.
34. Rech T, Vieira S, Nagel F, Brauner J, Scalco R: Serum neuron-specific enolase
as early predictor of outcome after in-hospital cardiac arrest: a cohort
study. Crit Care Med 2006, 10:R133.
Kang et al. Critical Care 2014, 18:R37 Page 8 of 8
http://ccforum.com/content/18/1/R3735. Daubin C, Quentin C, Allouche S, Etard O, Gaillard C, Seguin A, Valette X,
Parienti J, Prevost F, Ramakers M, Terzi N, Charbonneau P, du Cheyron D:
Serum neuron-specific enolase as predictor of outcome in comatose
cardiac-arrest survivors: a prospective cohort study. BMC Cardiovasc
Disord 2011, 11:48.
36. Olivecrona M, Rodling-Wahlstrom M, Naredi S, Koskinen LO: S-100B and
neuron specific enolase are poor outcome predictors in severe traumatic
brain injury treated by an intracranial pressure targeted therapy. J Neurol
Neurosurg Psychiatry 2009, 80:1241–1247.
37. Laureys S, Owen AM, Schiff ND: Brain function in coma, vegetative state,
and related disorders. Lancet Neurol 2004, 3:537–546.
38. Childs NL, Mercer WN, Childs HW: Accuracy of diagnosis of persistent
vegetative state. Neurology 1993, 43:1465–1467.
39. Schnakers C, Vanhaudenhuyse A, Giacino J, Ventura M, Boly M, Majerus S,
Moonen G, Laureys S: Diagnostic accuracy of the vegetative and
minimally conscious state: clinical consensus versus standardized
neurobehavioral assessment. BMC Neurol 2009, 9:35.
40. Monti M, Vanhaudenhuyse A, Coleman M, Boly M, Pickard J, Tshibanda L,
Owen A, Laureys S: Willful modulation of brain activity in disorders of
consciousness. N Engl J Med 2010, 362:579–589.
41. Cruse D, Chennu S, Chatelle C, Bekinschtein TA, Fernandez-Espejo D,
Pickard JD, Laureys S, Owen AM: Bedside detection of awareness in the
vegetative state: a cohort study. Lancet 2011, 378:2088–2094.
42. Owen A, Coleman M, Boly M, Davis M, Laureys S, Pickard J: Detecting
awareness in the vegetative state. Science 2006, 313:1402.
43. Owen A, Coleman M, Boly M, Davis M, Laureys S, Pickard J: Using
functional magnetic resonance imaging to detect covert awareness in
the vegetative state. Arch Neurol 2007, 64:1098–1102.
44. Beuthien-Baumann B, Holthoff V, Rudolf J: Functional imaging of
vegetative state applying single photon emission tomography and
positron emission tomography. Neuropsychol Rehabil 2005, 15:276–282.
45. Heiss W: PET in coma and in vegetative state. Eur J Neurol 2012, 19:207–211.
doi:10.1186/cc13745
Cite this article as: Kang et al.: Development of a simple score to predict
outcome for unresponsive wakefulness syndrome. Critical Care 2014 18:R37.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
